Semi-local density functionals like the local spin density and generalized gradient approximations are known to overestimate [1, 2, 3, 4 ] the polarizabilities and especially the hyperpolarizabilities of long-chain molecules, the latter by as much as a factor of ten or more. These quantities are much better predicted by exact-exchange methods (Hartree-Fock or Optimized Effective Potential). When a static electric field is applied to a chain of atoms, charge transfer occurs along the backbone of the chain. This induced polarization is a non-local effect, and the local and semi-local approximations are not able to capture the non-locality in the potential, so they fail to provide the counteracting response field which reduces the polarizabilities. The source of this failure of the semi-local approaches for the electrical response is rooted in the self-interaction error inherent to the semi-local approximations. We show here that the semi-local functionals, after full [5] or scaled-down [6] Perdew-Zunger self-interaction correction, are about as good as the exact-exchange methods for these quantities.
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The response coefficients of the hydrogen chains, unlike those of bulk solids, show a strong nonlinear dependence upon length or n. We propose a simple charge-transfer model [7] which explains this effect. This transfer is driven by the external electric field, and opposed by the chemical hardness of each H 2 unit. Unlike the situation in a bulk solid, this charge transfer is not suppressed (or even much affected) by electrostatic interactions among the transferred charges for n ≤ 7. Self-interaction-free approaches increase the chemical hardness of an H 2 unit in comparison with semi-local density functionals, and so reduce the charge transfer. The physical picture behind the model is validated and its limitations are revealed by a population analysis of the charge density from selfconsistent electronic structure calculations.
